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PREPARATION OF LOW MOLECULAR WEIGHT CELLULOSE ESTERS 

Field of Invention 

This invention relates to the preparation of 
cellulose esters. In one aspect, it relates to the 
preparation of cellulose triesters. In another aspect, 
it relates to the preparation of cellulose esters with a 
degree of substitution (DS) less than three. In yet 
another aspect, it relates to the preparation of low 
molecular weight cellulose esters. 



Background of the Invention 

Cellulose esters are of great commercial 
importance. Cellulose acetates, for example, are used 
15 in cigarette filters and as photographic film base. 
Other cellulose esters, e.g., cellulose propionates, 
cellulose butyrates, cellulose acetate propionates, or 
cellulose acetate butyrates, have found widespread use 
in cosmetics, plastics, and pharmaceuticals. 
20 Furthermore, cellulose esters, in particular, cellulose 
mixed esters having low molecular weight and high < 
hydroxyl content, have high commercial utility as 
coatings resins (P.M. Cook, U.S. Patent 4,839,230 
(1989)) These low molecular weight and high hydroxyl 
25 containing cellulose esters provide f or ; high solids to ^ 
" liquid ratios in coating formulations, provide reactive 
sites for crosslinking reactions, and suitable 
functionality for derivatization of the cellulose 
polymer. Therefore, . an improved process for the 
30 production of cellulose esters suitable. for coating 
applications would be of considerable commercial 

importance. 

It is well known in the art that cellulose 
triesters, for example cellulose triacetate (DS - 3; the 
35 degree of substitution is defined as the number of acyl 
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groups per anhydroglucose ring), can be prepared by 
treating preactivated cellulose with a mixture of 
sulfuric acid, acetic acid, and acetic anhydride (H.L.B. 
Gray and C.J. Staud, U.S. Patent .1,683, 347 (1928 ) ) , 
5 Cellulose triacetate is not suitable for all uses and, 
consequently, is often hydrolyzed to a cellulose acetate 
with a degree of substitution of 0.6-2.8 (C.J. Malm, 
U.S. Patent 1,984,147 (1934); C.R. Fordyce, U.S. Patent 
2,129,052 (1938)). Such a process requires dilute 
10 reaction mixtures, long reaction times, and requires 
isolation of the high boiling by-product acetic acid 
from the dilute reaction mixture. 

in U.S. Patent 1,880,808 (1932), H.T. Clarke and 
C J Malm disclose the use of chloro, bromo, or alkoxy 
15 containing acetyl anhydrides as an impelling reagent 
( i e , an anhydride which promotes ester if icatxon 
without contributing any groups to the ester produced) 
in the esterification of cellulose with fatty adds. In 
a typical procedure , cellulose was treated with an 
20 excess (1.9-9.1 equivalents per hydroxyl) cf the 

impelling reagent, the appropriate fatty acid and a 
catalyst. After the required reaction time, the product 
was isolated by precipitation into a nonsolvent. Such a 
process typically requires a large excess of the 
25 impelling reagent and produces only the 

triester. Furthermore, isolation of the hxgh boxlxng 
impelling acid from a dilute solution which also . 
contains the esterifying fatty acid is required. 
Similar work disclosed by H.T. Clarke and C.J. Malm 
30 (U.S. Patents 1,690,620 (1928); 1,690,621 (1928); 

1,698,048 (1929); 1,698,049 (1929)) as well as by C.J. 
L and CD. Hiatt (U.S. Patent 2,172,250 (1939)) 
suffer from the same shortcomings described above. 
E.J. Bourne, M. Stacey, J.C. Tatlow, and J.M. 
35 Tedder Chem. Soc. 1949, 2976-2979) have disclosed 
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the use of trif luoroacetic anhydride (TFAA) as an 
impelling reagent in the acetylation of cellulose and 
amy lose with acetic acid. By their process, a large 
excess of TFAA (8.4 equivaients/hydroxyl) vas required 
5 in order to obtain satisfactory yields of the triester. 
A process for preparing cellulose acetates with a degree 
of substitution of 0.6-2.8 was not described. Work 
disclosed by K.S. Barclay, E.J. Bourne, M. Stacey, and 
M. Webb r .T. Chem. Soc. 1954, 1501-1505), T. Morooka, 
10 M. Norimoto, T. Yamada, N. Shiraishi (J. Appl. Polvm. 

Sci , 19 84, 29, 3981-3990), and T. Yamagishi , T . Fukuda , 
T. Miyamoto, J. Watanabe t^lym. Bulletin 1988, 20, 
373-377) suffer from the same shortcomings described 

above. • . 

In U.S. Patent Application Serial No. 495,186 filed 

March 19, 1990, CM. Buchanan teaches the use of 
trif luoroacetic anhydride and acyl anhydride as an 
effective means for preparing cellulose triesters as 
well as less than fully substituted cellulose esters . 
By this process, smaller amounts of the impelling 
reagent are required (typically 0.5-1.0 
equivaients/hydroxyl) to obtain high molecular weight 
cellulose ester derivatives with a degree of 
substitution ranging from 0.5 to. 3.0. 

in U.S. Patent 3,617,201 (1971), R.J. Beral et al. 
describe a process in which cellulose f^iber is treated 
with TFAA and a carboxylic acid in an inert solvent 
(benzene) to produce a cellulose ester with a low degree 
of substitution (0.1-0.3) suitable for use in cellulose 
textiles, in this process, the cellulose fibers are not 
disrupted since the reaction- medium remains 
heterogeneous throughout. U.S. Patent 3,097,051 (R.H. 
Wad e, 1963) and S.U. Patent 1,047,908 (0.8. Bludova, 
H.I. Klenkova, A.P. Sokorenko, 1983) teach similar 
35 processes. 



20 



25 



30 



WO 91/16356 



PCT/US91/02557 



- 4 - 



There is, therefore, a need for a process which 
provides both cellulose triesters and high hydroxy 1 
cellulose esters having low molecular weight. The 
process must provide for fast esterification and 
5 hydrolysis rates. The process should not require an 

impelling reagent or excessive amounts of mineral acids. 
It is desirable that degradation of the cellulose 
polymer occur in the initial stages of the reaction 
thereby permitting concentrated react. on mixtures The 
0 process must allow for practical reaction .. 
as well as for easy and practical product and carboxylxc 

acid recovery. 

" PI J:Z. or low molecular weight cellule. esters 
vhich M ets the need, of the cellulose «^ 
„ ., 4M ilv cellulose triesters (i.e., celJ.uj.os 

20 contacting : , 

,., e oellulose polymer having a degree of 
' substitution less then that of the ^ 
oellulose ester (i.e.. less than about 3) and also 
^ vl ng a »olecular weight greater than that of the 
2 5 product cellulose ester, 

th>\ trifluoroacetic acid, . 
o at least one acyl anhydride of the formula: 

wherein each of * and * is, independently, Ha 
straight chain alkyl, branched 'chain axkyl, aryl, 
or substituted aryl, and 
(d) a mineral acid, • „, v - nt 

L'the presence of a -^S."^.^ 
35 and under conditions such that the oe 
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ester is formed (such process will alternatively be 
referred to herein as the "triesterif ication process" ) . 

To prepare cellulose esters with a DS of less than 
about 3, the cellulose triester formed by the above - 
described process is subjected to a second step 
(hereinafter alternatively referred to herein as the 
"hydrolysis step") in which the cellulose triester 
(i.e., cellulose ester with a DS of about 3) is 
contacted with a sufficient amount of a react - ve 
hydrolysis solvent under conditions to form the desired 
cellulose ester with a DS higher, than the cellulose 
polymer used as a starting material for the 
triesterif ication process . 



15 



20 



25 



n^-iled Dese rtion of the Invention 

in accordance with the present invention, typical 
cellulose esters produced by the process of the _ . 

' n 4-« r esters of cellulose, have the 
invention are C x to C 20 esters oi 

desired DS, have a lower molecular weight than the 
cellulose polymer starting material, and comprise 
repeating units of the structure: 



30 




wherein R 2 , R 3 , and R 4 are selected separately from the 
group consisting of: hydrogen, straight chain 
alkanoyl, branched alkanoyl , aroyl , and heteroaroyl 
The alkanoyl, aroyl, and heteroaroyl moieties typically 
contain up to 20 carbon atoms, more typically up to 6 
carbon atoms. Preferred cellulose esters produced by 
the process of the invention include cellulose 
triacetate, cellulose tripropionate, cellulose 
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tributyrate, cellulose acetate , cellulose propionate^ 
cellulose butyrate, cellulose acetate propionate, and 

cellulose acetate butyrate. 

The cellulose polymer used as a starting material 
5 for preparing the cellulose tries ter can be cellulose, a 
secondary cellulose ester, or a mixture thereof. 
Examples of secondary cellulose esters include 
cellulose acetate, cellulose propionate, and cellulose 
butyrate, and are described in U.S. Patent i 984,147. 
10 The cellulose esters useful in the present 

invention as starting materials have at least 2 
anhydroglucose rings and typically have between 2 and 
5,000 anhydroglucose rings; also, such P ol ^ e " 
typically have an inherent viscosity (X.V.) of about 1 
15 r 3 .b deciliters/gram as measured at a temperature of 

for 0.25 gram sample in 100 ml of a 60/40 by 
weight solution of phenol/tetrachloroethane . As these 
IV values indicate, such polymers have a molecular 
weight greater than the product cellulose ester; typical 
TuHr average molecular weight values range from 1.0 to 



20 



10.0 X 10 5 



25 



30 



35 



The product cellulose esters produced by the 
process of this invention typically heve en inherent 
viscosity (I.V.I »i .bout 0.2 to ebout 0 6 
deciliters/gram as measured at a temperature of M C 
Z 0.25 gram ..-pie i* ™0 -i of a 60/40 by weight 
solution of phenol/tetrachloroethane and a number 
average molecular weight of less than about 1.0 XM. 

The DS of the cellulose polymer starting material 
for the triesterification process is preferably 0 to 

ab ° U 7s' 9 is *no„n in the art. the theoretical maximum DS 
for a cellulose ester is 3. However, due to normal 
error of standard analytical technics, the maximum* 
7ll vary experimentally, for example an error of Plus 
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or minus 3 percent is common. When the term "about" is 
used herein to describe a given DS, it is contemplated 
that this analytical error will be taken into account as 
well as minor actual deviations in the DS of the 
particular cellulose ester. Therefore, it is 
contemplated that the term "about 3" when referring to a 
given DS means a measured range of 2.9 to 3.1, 
preferably 2.95 to 3.05. _ 

Typical anhydrides suitable for the pract, re of the 
present invention are of the structure: 

. wherein each of R and R 1 is, independently, selected 

from the group consisting of hydrogen, 
» alkyl, a branched chain alkyl, aryl or substituted aryl. 
15 aixyi, * „ rt1 « eu le typical straight chain 

in the acyl anhydride molecule, typica * 

, +Q 20 carbon atoms, typical 
alkvl qroups contain 1 to eww 

branched chain .1*1 groups have 3 to * 

and typical aryl groups have 6 to 12 carbon atoms. 

ano rypio ■ tvoicallv substituted with 

20 Substituted aryl groups are typicaiiy 

1 2 or 3 substituents such as lower alkyl (i.e.. alkyl 
gUups having 1 to 3 carbon atoms), halo (i.e., F, Br. 
CI or I), and lower alkoxy (i.e., alkoxy group, havrng 1 
lo 3 carbon atoms). It is preferred that the acyl 

25 anhydride is symmetrical, i.e., that R .and * are the 

^'"Exemplary acyl anhydrides useful in the Present^ 
invention are, but ar. not limited to, acetxc anhydrrde, 
"Iconic anhydride, isobutyric anhydride , butyric 
30 anhydride, trimethyl.cetic anhydride valeric anhydrrde, 
hexanoic anhydride, non.noic anhydrrde, benzoic 
Anhydride, or a mixture thereof. The most preferred 
eoyl anhydrides include acetic anhydride, propionic 
anhydride, butyric anhydride, or a mixture thereof 
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- The mineral /acid -useful: -as: reomip©nwt~rS;) - ^rt^-^— -~~ ' 
present invention can be any string-' mineral ^oi4M-ybi«^> • • 
when combined with trichloroacetic acid : <T^) . ^omc^s? ■ \ 
rapid esterification, hydrolysis, and molecular weight 
5 loss. Examples of such mineral acids include sulfuric 
acid, hydrochloric acid, Mg(C10 4 ) 2 and HC1Q 4 . Of y 
course, mixtures of two or more mineral acids are 
contemplated for use in the present invention. 

in the process of preparing the cellulose tries ter 

10 the amount of component (b) (i.e-, the TFA) is 

preferably about 0.25 to .1.0 equivalents per hydroxyl, 

more preferably about 1,0 equivalents; the amount of 
component (c, is preferably at least ^ •^f^. 
hydroxyl, more preferably about 1.7 equivalents, and^the 
15 amount of component (d) is preferably about^ . V 
0.01 equivalents per hydroxyl, more preferably about 

^"condSo^ 

esters can vary widely. The temperature typically 
20 varies from ambient to the temperature at which the 

mixture begins to reflux; typically; about 20 C to about 
150-C. More preferably, the temperature xs; 70 C. 

Those skilled in the art readily recognxze that 
contact time and acyl anhydride reactivity are ■ . ■ 
25 interdependent. For example, acylation with a mixture 
of propionic anhydride and acetic anhydride requires • 
contact time as little as ,5 ^utes, When 
same wood pulp with a mixture of butyric acxd and acetxc 
anhydride, a contact time of 30 minutes may be 

30 XeqUi r h d ose skilled in tb* art understand that the flat 
period (i.e., the period of time after formation of the 
cellulose triester and beginning of hydrolysis durxng 
which polymer degradation is occurring) car .vary 
35 widely. Accordingly, a broad flat period for the 
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process of the invention is about 1 -minute to -about -120^ 
minutes. A more preferred flat period is about 5 
minutes to about 30 minutes. 

Thus, the total reaction period of time (i.e./ 
including the period for acylation, flat period, and 
hydrolysis period), can vary from about 0.5 to about 25 
hours. A preferred total reaction period is about 4 to 

about 8 hours. 

The mixture of the IF* and the nine- .1 acid le the 
triesterif ication process essentially acts aa a 
catalyst. In ^J^ZZl 

lis! ~curs durin, formation of the cellulose triester 
ihich permits more concentrated reaction mixtures and 
T~Jy easier isolation of the product ^ter. 

Per the triesterif Ication process sard solvent is 
typically a carboxylic acid havino 1 to 20 carbon atoms, 
dfmethylformamide, di.ethylsuiro.ide or a mixture 
thereof hovever. excess acyl anhydride can be used 
solvent. The carboxylic acid can optionally oe 
substituted vith halogen .to*, such as F, Br. and 
Lample o£ such a substituted carboxylic acid is 
trmuoroacetic acid. Preferred is a carboxylrc acid 
especially the particular carboxylic acid corresponding 
r/the acyl anhydride(s) employed, or, :in the case of 
led esters, corresponding to the least reactrve acyl 

aDhyd f f d r carboxylic acid is used as a reaction solvent 
the acid can contribute to the reaction (r.e., act as a 
if the particular carboxylic scid used has a 
rrpondin, anhydride that is more reactive than the 
arvl an hvdride employed as reactant (c) . 

" The reactive hydrolysis solvent for the hydrolysis 
step is typically a polar solvent such as an n-elx.nol 



WO 91/16356 



PCT/US91/02557 



- 10 



having 1 to 4 carbon atoms, .water, a branched chain 

alkanol having 3 to 4 carbon atoms, an aryl alkariol 
having 7 to 12 carbon atomsT and a mixture thereof. 

Preferred reactive hydrolysis solvents include 
methanol, ethanol* n-propanol, n-butanol, isopropyl 
alcohol, benzyl alcohol, water, or a mixture thereof. 
Most preferred are methanol and water, or a mixture 
thereof. 

For the hydrolysis step, the prefer ed amount of 
> reactive hydrolysis solvent is from *bout 1 volume % to 
that amount which results in the desired product 
precipitating from solution. It is more preferred that 
the amount of reactive hydrolysis solvent is from about 
5 to about 15 volume % . *. 
5 Pref erred paction conditions for the hydrolysis 

step include . temperetur. ren,e from ambient to the 
temperature et which the mixture beains to rettux 
Sicily 20-C to 150-C) end . reaction time of about 
5 hour, to .bout 24 hours. Most preferred reaction 
!0 condition, ere . temperature., 70'C end,, reaction t- 
of about 4 hours to about 7 hours. . 

The cellulose triester formed by the tnesterxfx- 
cation process can be isolated and/or purified by 
- conventional means known in the art such as by 
25 precipitation into a nonsolvent, distxllatxon or by 
Lrav drying (and, if desired, subjected to the 
SJST^. amatively, the cellulose triester 
can be hydrolyzed directly in the reaction medxum 
without the need for any special purif icatxon or 
30 isolation steps. After hydrolysis, the desxred 
cellulose ester can be isolated and purxf xed by 
conventional me.ns known in the art .such as by a 
nonsolvent precipitation; distillation, or by spray 

drying. 
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The preferred cellulose esters produced after the 
hydrolysis step are substantially the same as produced . 
by the triesterif ication process except that the DS is 
lower. Thus, preferred products produced by the 
5 hydrolysis step include cellulose acetate, cellulose 
propionate, cellulose butyrate, cellulose acetate 
propionate, and cellulose acetate butyrate. 

Typical desired products produced , after the 
hydrolysis step of the invention have a DS of a -out 0.5 
10 to about 2.85, more typically about 1.9 to about 2.3 
(for mixed esters, the DS refers to the combined DS). 

The cellulose esters produced by the triesterif ica- 
tion process (optionally followed by the hydrolysis 
step) have low molecular weight. Typical molecular 
15 weight ranges of cellulose esters produced by the 

process of the present invention have a number average 
molecular weight (M^ of about 0.01 X 10 s to about 
1 0 X 10 5 , a weight average molecular weight (M„) of 
about 0.02 X 10 5 to about 2.0 X 10 5 , and a Z average 
20 molecular weight (M z ) of about 0.04 X 10 5 to about 

4 0 X 10 5 . Preferred molecular weight ranges are an ^ 
of about 0.2 X 10 5 to about 0.6 X 10 5 , a of about 
0.6 X 1Q 5 to about 1.0 X 10 5 ; and a M z of about 
0 3 X 10 5 to about 3.0 X 10 5 . The ratio of M w /M n is 
25 preferably about 1.0 to about 2.0, with about 1.4 to 
about 1.9 being more preferred. 

As is well known in the art, I.V. values are 
related to molecular weight. The I.V. of the product 
cellulose ester produced by the triesterif ication 
30 process (optionally followed by the hydrolysis step) is 
typically about 0.2 to about 0.6, preferably about 0.3 
to about 0.4 deciliters/gram as measured at a 
temperature of 25'C for 0.25 gram sample in 100 ml of a 
60/40 by weight solution of phenol/tetrachloroethane . 
35 Some products produced after the hydrolysis step, 
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especially high hydroxy 1 (i.e., low DS), mixed esters, 
will be soluble in n-propylacetate (n-PrOAc), acetone, 
CHC1 3 , ethanol, tetrahydrofuran (THF), and 
dimethy lsulf oxide (DMSO) . ^ 

The following examples are to illustrate the 
invention but should not be interpreted as a limitation 



thereon • 



EXAMPLES 

0 in the following examples, water activated 

cellulose was prepared by mechanically blending the 
WU , ' The excess water was removed by 

celluXose -tk^ wMhing the 

filtration. Residual water _ 
damp cellulose with the carboxylic acid which 
L5 corresponds to an acyl group being attached to the 
L5 correspon activ ated cellulose was loaded 

cellulose polymer. The activa . To - the 

. . n» e v eauioped for mechanical stirring. 
in to a flask «<^PP e ac yl anhydrid e. ( s) and a 

cellulose was added a mixture oi j 

celiuios mineral acid such as 

C "" lySt ITd Z reactor was then heated to 7.«C. 

formation of the tnester. Alter 3.«.n 0 T 
tester, the reaction mixture was maintarnad at 70 C 
•~i n f time to allow de 9 radatlon of the 
" * ^ a net period, before addin, a hydrolysis 

polymer (r.e., P The reactlo „ „„ 

rr^for - r > the 

produc t by addition - -^dt^anhydridecs, 
30 oarboxylrc ac^s,, an ^ 

can be recovered from the r carbox ylic 

.ddition of a nonsolvent. Also, n 

.fide can be recovered from the filtrate « 

. n hv distillation techniques familiar to 

35 ZTZZZ" ^^ Alternatively, the the 
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carboxylic acid(s), and the unconsumed acyl - 
anhydride (s) can be isolated by spray drying techniques 
familiar to those skilled in the art. The results in 
the examples indicate yields of isolated, well- 
5 characterized products. The products were typically 
characterized by proton NMR spectroscopy, inherent 
viscosity, gel permeation chromatography (values are 
reported in polystyrene equivalents ) , and other methods 
familiar to those skilled in the art. The abbreviations 
10 used herein have the, following meanings: TFA is 
trifluoroacetic acid, TFAA is trif luoroacetic 
anhydride, NMR is nuclear magnetic resonance, Pr DS is 
propionyl degree of substitution, Ac DS is acetyl degree 
of substitution,. TCE is tetrachloroethane , GPC is gel 
15 permeation chromatography, DMF is dimethylformamide, THE 
is tetrahydrofuran, DMSO is dimethylsulf oxide, n-PrOAc 
is propyl acetate, and CAB is cellulose acetate 
butyrate . 

20 EXAMPLE 1 . ■ 

Reagents set forth below were subjected to the 
standard procedure described above under the indicated 
reaction conditions. The result, in terms of identity 
and yield of the desired cellulose ester, and key 

25 analyses of the product, are also set forth below. 
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Starting Cellulosic 
Weight (g) 

Equivalents of 
TFA/hydrbxyl 

Equivalents of 
B 2 S0 4 /hydroxyl 

Acyl Anhydride 
Equivalents/hydroxyl 

Acyl Anhydride 
Equivalents/hydroxyl 

Carboxylic Acid 
Weight (g) 

Hydrolysis Mixture 
Contact Time (min) 
Flat Period (min) 



25 



30 



Hydrolysis 
Time (h) 
0 

2.0 

4.0 

5.0 

6.0 

7 .0 

7.8 



Pr DS 
^H NMR) 
3.00 
2.59 
2.24 
2.06 
1.93 
1.84 
1.70 



Cellulose 
50 

1.0 



0.008 

Acetic Anhydride 
0.03 

Propionic Anhydride 
1.7 

Propionic Acid 
107 * 

76.5 g water. 

10 

30 



AC DS 
NMR) 
0.05 
0.03 
0.02 
0.01 
0.01 
0.01 
0.01 




35 



40 



This example demonstrates that a catalyst system 
consisting of TFA/H 2 S0 4 rapidly promotes the _ 
esterification of cellulose with propionic anhydride 
acetic anhydride to provide a triester, provides for 
rapid degradation of the cellulose polymer, and gxves 
excellent rates of hydrolysis. 
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EXAMPLE 2 . 

Reagents set forth below were subjected to the 
standard procedure described above under the indicated 
reaction conditions. The result, in terms of. identity 
and yield of the desired cellulose ester, and key 
analyses of the product, are also set forth below. 



Starting Cellulosic 
Weight (g) 

Equivalents of 
TFA/hydroxyl 

Equivalents of 

Mg(C10 4 ) 2 /fty drox y 1 

Acyl Anhydride 
Equivalents/hydroxyl 

Acyl Anhydride 
Equivalents/hydroxyl 

Carboxylic Acid 
Weight (g) 

Hydrolysis Mixture 

Contact Time (min) 

30 Flat Period (min) 

Hydrolysis 
Time (h) 



25 



35 



. Cellulose 
50 

1.0 



0.008 

Acetic Anhydride 
0.03 

Propionic Anhydride 
1.7 

.Propionic Acid 
86 

76.5 g water . 

7 

9 



0 

1.0 
1.8 
3.3 
5.3 
6.3 



Pr DS 


Ac DS 


I.V. 


( X H NMR) 
3.05 


^H NMR) 


(Phenol/TCE). 


0.04 


0.54 


2.77 


0.04 


0.34 


2.51 


0.02 


0.34 


2.16 


0.00 


0.36 


1.79 


0.01 


0.38 


1.59 


0.00 


0.39 



40 
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This example demonstrates that a catalyst system- " ' g 

consisting of TFA/Mg(C10 4 ) 2 rapidly promotes the | 

esterification of cellulose with propionic anhydride and j 

acetic anhydride to provide a tr tester, provides for ,| 

rapid degradation of the cellulose polymer, and gives :| 

excellent rates of hydrolysis. ;4 

.. 

EXAMPLE 3 • • % 

^elgents set forth below were sub ected to the 

standard procedure described above under the indicated | 

reaction conditions. The result, in terms of identity ;,| 

and yield of the desired cellulose ester, 
analyses of the product, are also set forth below. 
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Starting Cellulosic 
Weight (g) 

Equivalents of 
5 TFA/hydroxyl 

Equivalents of 
H 2 S0 4 /hydroxyl 

10 Acyl Anhydride 

Equivalents/hydroxyl 

Acyl Anhydride 
Equivalents/hydroxyl 

15 

Carboxylic Acid 
Weight (g) 

Hydrolysis Mixture 

20 

Contact Time (min) 
Flat Period (min) 
25 Hydrolysis Time (h) 
DS Pr^H NMR) 
DS Ac^H NMR) 

30 

GPC 

(DMF/LiBr, 
Polystyrene 
equivalents ) 

35 

IV (Phenol/TCE) 
Solubility Data 

40 



- 17 - 

Cellulose 
50 

1.0 
0.008 

Acetic Anhydride 
0.03 

Propionic Anhydi ide 
1.7 

Propionic Acid 
75 

76.5 g water 
5 

30 
4.5 
2.08 
0.02 

M = 0.4 X 10\; M„ = 0.7 X 10 5 
M " = 0.4 X 10 5 ; ^/Mn = 1.92 



0.33 

Soluble in organic solvents 
such as n-PrOAc, acetone, 
CHCl-j, THF, alcohol, and DMSO 
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This example demonstrates -that a catalyst -^^tem- - - v - 
consisting of TFA/H 2 S0 4 can be used to obtain a CAP 
mixed ester with high hydroxyl content and low molecular 
weight. This mixed ester gives high solids to liquid 
ratios in organic solvents such as n-prbpyl acetate 
(25%) . 



10 



15 



20 



25 



EXAMPLE 4 

" Agents set forth below were subjected to the 
standard procedure described aboye under 
reaction conditions. The result, in terms of identity 
and yield of the desired cellulose ester, and key 
analyses of the product, are also set forth below. 



30 



35 



Starting Cellulosic 
Weight (g) 

Equivalents of 
TFA/hydroxyl 

Equivalents of 
H 2 S0 4 /hydroxyl 

Acyl Anhydride 
Equivalents/hydroxyl 

Acyl Anhydride 
Equivalents/hydroxyl 

Carboxylic Acid 
Weight (g) 

Hydrolysis Mixture 
Contact Time (min) 
Flat Period (min) 



Cellulose 
50 

1J0 



0.008 

Acetic Anhydride 
0.03 

Butyric Anhydride 

.1.7 

. _ i 

Butyric Acid 
75 

76.5 g water 

15 

30 
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20 
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Hydrolysis 


Bu DS 


Ac DS 


I.V. 


Time (h) 


( X H NMR) 


f r H NMR) 


(Phenol/TCE) 


0 


3.02 


0 . 07 


o;4o 


2.0 


2.74 


.0.06 


.. 0..3.1 .„ 


4.0 


2.43 


0.04 


0.36 


5.0 


2.36 


0.03 


0.37 


6.0 


2.28 


0.03 


0.35 


7.0 


2.12 


0.02 


0.40 



This example demonstrates that a catalyst system 
consisting of TFA/H 2 S0 4 rapidly promotes the 
esterif ication of cellulose with butyric anhydride and 
acetic anhydride to provide a triester, provides for 
rapid degradation of the cellulose polymer, and gives 
excellent rates of hydrolysis. 

EXAMPLE 5 

Reagents set forth below were subjected to the 
standard procedure described above under the indicated 
reaction conditions. The result, in terms of identity 
and yield of the desired cellulose ester, and key 
analyses of the product, are also set forth below. 



1 
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20 
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Starting Cellulosic 
Weight (g) 

Equivalents of 
TFA/hydroxyl 

Equivalents of 
H 2 S0 4 /hydroxyl 

Acyl Anhydride 
Equivalents/hydroxy 1 

Acyl Anhydride 
Equivalents/hydroxyl 

Carboxylic Acid 
Weight (g) 

Hydrolysis Mixture 
Contact Time (ntin) 
Flat Period (min) 
Hydrolysis Time (h) 
DS Bu^H NMR) 
DS AC^H NMR) 
GPC 

(DMF/LiBr, 
Polystyrene 
equivalents ) 

IV (Phenol/TCE) 

Solubility Data 



Cellulose 
50 

1.0 



0.008 

Acetic Anhydride 
0.07 

Butyric An) l/dride 
1.7 

Butyric Acid 
75 * 

76.5 g water 

25 

30 



2.18 
0.06 



40 



M = 0.5 X 105; ^ - 1.0 X 10 5 ; 
M n = 1.5 X 10 5 ; M^ = 1.45 
z 



0.39 

Soluble in organic solvents 
such as n-PrOAc, acetone, 
CHC1 3 , THF, alcohol, and DMSO 
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This example demonstrates that a catalyst system 
consisting of TFA/H 2 S0 4 can be used to obtain a CAB 
mixed ester with high hydroxyl content and low molecular 
weight. This mixed ester gives high solids to liquid - 
ratios in organic solvents such as n-propyl acetate 
(25%). 



10 



15 



20 



25 



EXAMPLE 6 

Reagents set forth below were subjected to the 
standard procedure described above undex the indicated 
reaction conditions. The result, in terms of identity 
and yield of the desired cellulose ester, and key 
analyses of the product, are also set forth below. 



Starting Cellulosic 
Weight (g) 

Equivalents of 
TFAA/hydroxyl 

Acyl Anhydride 
Equivalents/hydroxyl 

Acyl Anhydride 
Equivalents/hydroxyl 

Carboxylic Acid 
Weight (g) 



30 Hydrolysis Mixture 

Contact Time (min) 
35 Reaction Temperature 



Cellulose 
50 

1.5 



Acetic Anhydride 
0.15 

Propionic Anhydride 
1.7 

Propionic Acid 
152 

76.5 g water, 152 g Propionic 
Acid 

1080 

55°C 
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— - 3.04 0.09 " 



10 



15 



0 
2.2 
4.7 
7.2 



2.90 

2.63 0.10 
2.46 



0.08 I' 37 



1.37 

0.08 i- 38 



i. differs from the standard procedure in that 
This example differs rr subs tituted for 

the sulfuric acid was omitted , ^ ^ - . 

TFA , and ^^;;Z:X^s rate, and higher 
ionger contact^ illustrate d by I.V. 
ro olecular weights as example 

W ith reference to ^ampl ei ^ ^ 

demonstrates the critical inve ntion differs 

reaction conditions. Tne key 
and yield of the desired ceU ^ beloW . 
analyses of the product, are also 
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Starting Cellulosic 
Weight (g) 

Equivalents of 
5 TFA/hydroxyl 

Acyl Anhydride 
Equivalents/hydroxyl 

10 Carboxylic Acid 
Weight ^g) 

Contact Time (min) 

15 Reaction Temperature 

Product 

Degree of Substitution 
20 (From X H NMR) 

Intrinsic Viscosity 
(Phenol/TCE) 



25 



30 



Cellulose 
5 

0.8 



Acetic Anhydride 
2 . 1 

Acetic Acid 
30 

10320 
55°C 

Cellulose Triacetate 
3.02 

1.74 



GPC (DMF, Polystyrene 
equivalents ) 



Mn = 25.7 



X 10" 

M" = 7.6 X 10 5 ; 
z 



; M„ - 4.4 X 10- 



35 



40 



This example differs from the standard procedure in that 
the sulfuric acid was omitted and the Reaction was at 

^ C 'with reference to Examples 1 and 6, this example 
demonstrates the critical role of sulfuric acid and 
illustrates how the process of this invention differs 
from a process using TFA but devoid of sulfuric acid. 

EXAMPLE 8 (Comparative) 

Reagents set forth below were subjected to the 
standard procedure described above under the indicated 
reaction conditions. The result, in terms of identity 
and yield of the desired cellulose ester, and key 
analyses of the product, are also set forth below. 
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Cellulose 
50 

1.0 



30 



0.008 

Acetic Acid 
1.9 

Propionic Acid 
230 

1510 

No Reaction 



Starting Cellulosic 
Weight (g) 

Equivalents of 
TFA/hydroxyl 

Equivalents of H 2 S0 4 / 
hydroxyl 

Carboxylic Acid 
Weight (g) 

Carboxylic Acid 
Weight (g) 

Contact Time (min) 
DS (From X H NMR) 
This example differs from the standard procedure in that 
the appropriate molar amount of carboxylic acid was 
substituted for the acyl anhydrides. 

With reference to Example 1, this example 
demonstrate, the critical role of eeyl anhydrides and 
illustrates an aspect of hov this process drffers from 
that taught by H.T. Clarte and C.J. Malm („.S. Patent 

1,880,808 (1932)). ., .'«.v 

invention has been described in detaxl vxth 
particular reference to preferred embodiments thereof, 
but it will be understood that variations and 
edifications can be effected within the spxrxt and 
scope of the invention. All of the U.S. patents cited 
in the specification are incorporated herexn by 
reference in their entirety. 
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Claims 

We claim: 



15 



5 l. A process for preparing cellulose esters having a 
degree of substitution of 3 and a number average 
molecular weight of less than 1.0 X 10 5 comprising 
contacting the following: 

(a) a cellulose polymer having a degree of 

10 substitution less than that of the product 

cellulose ester and molecular weight greater 
than that of the product cellulose ester, 

(b) trif luoroacetic acid, 

(c) at least one acyl anhydride of the formula: 

. AA- . 

wherein each of R and R 1 is, independently, H, 
a straight chain alXyl, a branched chain 
alkyl, aryl. or substituted aryl, and 
(d) a mineral acid, 

in the presence of a solubilising amount of a 
solvent and under conditions such that the desired 
cellulose ester is formed. 

2 The process of Claim 1 wherein component (a) is a 
cellulose polymer having a degree. of substitution 
of 0 to 2.9 and is selected from the group 
consisting of cellulose, a secondary cellulose 
ester, and a mixture thereof. 

3 The process of Claim 1 wherein component (c) is 
selected from the group consisting of acetic 
anhydride, propionic anhydride, isobutyric 
anhydride, butyric anhydride, trimethylacetic 



20 



25 



30 
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10 



15 



20 



25 



anhydride, valeric anhydride, hexandic anhydride, 
nonanoic anhydride, benzoic anhydride, and a 
mixture thereof. 

The process of Claim 1 wherein the amount of 
component (b) is 0,25 to 1.0 equivalents per 
hydroxy!, the amount of component (c) is at least l 
equivalent per hydroxyl, and the amount of 
component (d> is 0.0001 to 0.01 equivalents per 

hydroxyl. 

and a mixture thereof . 

. The process of dais. 1 carried out st W-C to 150-C 
for 3 to 30 minutes. 

„♦ elate 1 vherein said solvent is 
. The process of Clem i « eorboxylle 
selected fro. the croup consisting of ^ . « *V 
a cid having 1 to M carbon atoms dimethyl 
formamide. dimethylsulfoxide. end . -xture 

thereof. 

.. The process of Cleim 1 «b«ein said solvent is 
acetic acid. 

Th e process of claim 1 -herein R and R^ ere the 



30 



9. 



10. 



same. 
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~.. of Claim 1 including the additional 
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•v.- 



15 

14, 



20 



11. The process of Claim 1 wherein component (d) is 
selected from the group consisting of hydrochloric 
acid, Mg(Cl0 4 > 2 , HC10 4 , and a mixture thereof. 

12. The process of Claim 1 wherein the product 
cellulose ester has a of 0.01 X 10 5 to 
1.0 X 10 5 , a 1^ of 0.02 X 10 5 to 2,0 X 10 , a M z Of 
0.04 X 10 5 to 4.0 X 10 5 , and a ratio of V^n °« 

1.0 to 2.0. 

13. The process of Claim l wherein the product 
cellulose ester has a of 0.2 X 10 5 to 0.6 X 10 , 
a VL. of 0.6 X 10 5 to 1.0 X 10 5 , a M z of 0.3 X 10 
to 3.0 X 10 5 , and a ratio of V«n of 1 «» t0 lm9m 

The process of Claim 1 wherein the product 
cellulose ester is cellulose triacetate, cellulose 
tributyrate, cellulose tripropionate, cellulose 
acetate butyrate, cellulose acetate propionate, and 
said product cellulose ester has an inherent 
viscosity of 0.2 to 0.6 as measured at a 
temperature of 25-C for a 0.25 gram sample in 100 
mi of a 60/40 by weight solution of 
phenol/tetrachloroethane. 

A process for preparing a cellulose ester having a 
degree of substitution of less than 3 and a number 
average molecular weight of less than 1.0 X 10 
comprising: 

30 (A) contacting 

(a) a cellulose polymer having a degree of 

substitution of less than 3, 

(b) trif luoroacetic anhydride, 

(c) at least one acyl anhydride of the 
35 formula: 



25 
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(B) 



25 

17. 

30 
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wherein each of R and R 1 is, 
independently, H, a straight chain alkyl, 
a branched alkyl, aryl, or substituted 
aryl, and 
(d) a mineral acid, 

in the presence of a solubilizing amount of a 
solvent and under condition such that a 
cellulose ester is formed having a degree of 
substitution of 3 and a molecular weight less 
than that of the cellulose polymer of 
step (A) (a) , and 

contacting the cellulose ester formed by 
step (A) with a sufficient amount of a 
reactive hydrolysis solvent under -nd^ions 
to form the desired cellulose ester which has 
a degree of substitution higher than the 
original cellulose polymer of step (A) (a) . 

T 

The process of Claim 15 whereiW for step (A) , 
v Is a cellulose polymer having a 
component (a) is a ceix * is selec ted 

degree of substitution of 0 to 2.9 and is * 

i * ~« n-F cellulose, a secondary 
from the group consisting of ceAxuAo» , 

cellulose ester, and a mixture ^hereof. 

The process of Claim 15 wherein for step (A) , 
component (c) is selected from the group consisting 
of acetic anhydride, propionic anhydride, 
isobutyric anhydride, butyric anhydride, 
trlmeXlacetic anhydride, valeric anhydride, 
hexanSc anhydride, nonanoic anhydride, benzoic 
anhydride, and a mixture thereof. 
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10 

20. 

15 

21. 



18 . The process of Claim 15 wherein f Or step (A) , the 
amount of component (b) is 0.25 to 1.0 equivalents 
per hydroxyl, the amount of component (c) is at 
least 1 equivalent per hydroxyl, and the amount of 
component (d) is 0.0001 to 0.01 equivalents per 
hydroxyl. 

19 . The process of Claim 15 wherein for step (A) , 
component (c) is selected from the group consisting 
of acetic anhydride, propionic nhydride, butyric 
anhydride, and a mixture thereof . 

The process of Claim 15 wherein step (A) is carried 
out at 20»C to 150«C for 5 to 30 minutes.. 

The process of Claim 15 wherein said reactive 
hydrolysis solvent is selected from the group 
consisting of an n-alkanol having 1 to 4 carbon 
atoms, water, a branched chain alkanol haying 3 to 
4 carbon atoms, an aryl alkanol having 7 to 12 
carbon atoms, and a mixture thereof. 

The process of Claim 15 wherein said reactive 
hydrolysis solvent is selected from the group 
consisting of methanol, ethanol, n-propanol, 
n-butanol, isopropyl alcohol, benzyl alcohol, and 
water. 

The process of Claim 15 wherein said reactive 
hydrolysis solvent is selected from the group 
consisting of methanol, water, and a mixture 
thereof. 



20 

22 

25 
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30 



24 The process of Claim 15 wherein the amount of , 
35 reactive hydrolysis solvent is from 1 volume % to 
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that amount which results in the desired product 
precipitating from solution. 

25. The process of Claim 15 wherein the amount of 
5 reactive hydrolysis solvent is from 5 to 15 

volume %. 

26. The process of Claim 15 wherein- step (B) is carried 
put at a temperature from 20-C to 150-C for 0.5 to 

10 24 hours. 1 



27. 



15 

28. 



The process of Claim 15 wherein the cellulose ester 
formed by step (» has a degree of suhstitutxon of 



from 0.5 to 2.85. 



20 

29. 

25 3°- 
31. 

30 



The process of Clai. 15 -herein the solvent for 
step W is selected fro. the group consisting of a 
cerLxylic ecid having 1 to *.>«h.n 
dinethylforsanids, disethylsultoxide, and a mixture 

thereof. 

The process of Claim 15 wherein the solvent for 
step (A) is acetic acid. 

The process of Claim 15 wherein R and R l are the 



same. 



The process of Claim « including the additional 
Zep ot isolating, after reaction, the desired 
Proouct by the addition of a precipitating amount 
OI a nonsolvent. distillation, or sprsy drying. 
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32. The process of Claim 15 wherein the mineral acid 
for step (A) is selected from the group consisting 
of hydrochloric acid, Mg(Clb 4 ) 2 , HC10 4 , and a 
mixture thereof. 

5 

33. The process of Claim 15 wherein the cellulose ester 
produced by step (A) has a M_ of 0.01 X 10* to 

1.0 X 10 5 , a M^, of 0.02 X 10* to 2.0 X 10 5 , a M 2 of 
0.04 X 10 s to 4.0 X 10 5 , and a ratio of of 
10 1.0 to 2.0. I 

34. The process of Claim 15 wherein the cellulose ester 
produced by step (A) has a 1^ of 0.2 X 10 to 

0.6 X 10 5 . a My of 0.6 X 10 s to 2.0 X 10 5 . a M z of 
15 o.3 X 10 5 to 3.0 X 10 5 , and a ratio of of 1.5 

to 1.9. 

35. The process of Claim 15 wherein the final product 
cellulose ester is cellulose acetate, cellulose 

20 butyrate, cellulose propionate, cellulose acetate 

butyrate, cellulose acetate propionate, and said 
product cellulose ester has an inherent viscosity 
of 0.2 to 0.6 as measured at a temperature of 25-C 
for a 0.25 gram sample in 100 ml of a 60/40 by 

25 weight solution of phehol/tetrachioroethane. 

36. The process of Claim 15 wherein the total reaction 
period is 0.5 to 25 hours. j 



30 



INTERNATIONAL SEARCH REPORT . /A -. B - 

lM0 PCT/US 91/02557 



L CUkftSWCATION Of SUUICT MATTtW CM low! Cl»l«lfic»tion »r»boH »ppH, Indtef »« ' 



IPC : 



Potont ClMtMcMtaa (IK) or to both Nattonol CtMOMcitton ond IPC 

5 C 08 B 3/02, C 08 B 3/06, C 08 B 3/24 



II. FIELDS BIARCMIO 



OoeumtntMton Soarchod » 




C 08 B 



DocumonttUon 



Minimum DocuiMMatlon 
Ineiuood M tho MM* Sotrcttbd • 



m. aoeuMiwf comwdmko to n mu»«"' 



P,A i 



US, A, 2629716 (P.W. MORGAN) 
24 February 1953 
see the whole document 



US, A, 1645915 (C.J. MALM) 

18 October 1927 . 
see page 1, lines 57-62; claims 

WPIL, week 8914, NT 89-105406/14, 17 May 
1989 i Derwent Publications, (GB), 
& SU, A, 1426974 (PHYS. CHEM. 
PROBLEMS), 19 September 1986 
see the whole document 



Chemical Patents Index, JJ"; 3 ' 7 
7 November 1990, AN 90-280997/37, 
Derwent Publications, (SB)*, 
&^SU,-A, 1525168 (ALTAI UNIV.), 
30 November 1989 



see vhe whole abstract 




* Spmu cowgorm el *at doom***- 
-A- doeuiooot do»«i«o tbo •TIK'^Se."" 
1- oorliof document but ptiMUMd on or ««•' tho Intomouoooi 



DuWlihod oKor in* Inttmottoool «JJB doto 



citation or ©trior opoclol wion (u •Ptcmtoi 
-O- documant •^•rtteg loinonl dladoiurt. uH. ©tWbttlon or 

•p- r^fr^Tp'ubUmh^ prior to ttjjjmtmilional m»Pfl d«o 
ilarthan tho priorrty data ctogod ■ 



, an mvonthro atap mm 



docomoM ol P.rt.cul,r "^SS^i^i^M S 

«K«£ « < SS^b^J^»«*'*-» 
In th* »rt. 



tout « A - jpcumni mambar ol th* ooroo patant 



Data of thv Actual Complatlon of th. Intomotlonal Saorch 

27th June 1991 



International Saarchtno Authority 

EUROPEAN PATENT OFFICE 

form PCT/1SAI2.0 Coond ahoat) (JWW 1W5) 



Data ol Mailing o< Ihla Intomatlonal Saarch 

0 9. 08. 91 



Slgnoturo ol AulhorUod Oflleor 

F.W. HECK 



tntemattenat' Appuwtien No PCT/US 91/02557 



III. D0CUMEKT 5 CONSIDERED TO BE RELEVANT (CONTINUED FROM THE SECOND SHEET) 

. .. ..- l^. — HI. rfmet rt w im ooioo P— I MJofOHt loCUtal No. 

Citattan of Docwmonl " < 



A, 2105725 (DAICEL CHEMICAL) 
30 March 1983 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPLICATION NO. US 9102557 

SA 47750 



The 
The 



faratly 
rate 
Office is in no way 



iciatmt to te patem docaxeents cited in I 
Patent Office EDP fle on 12/0 7/91 
which are merely 



meabcXD 



US-A- 2629716 



None 



US-A- 1645915 



None 



GB-A- 2105725 



30-03-83 



JP-C- 
JP-A- 
'VJP-B- 
US-A- 



1293640 
b^OHSOl- 
6U017441 

4415734 



16-12-85 
22-01-83 
02-05-85 
15-11-83 



z 
£ 

I For 



: see Official Journal of the European 



Office, No. 12/82 



